Abstract
Introduction
Extraintestinal manifestations (EIMs) affecting joints, skin, eyes and the biliary duct represent a common feature in patients with inflammatory bowel disease (IBD). Depending on the organ affected and their severity, EIMs can be even more devastating for the patient than the actual intestinal disease. According to the literature between up to 40% of patients with IBD suffer from at least one EIM during the disease course. 1, 2 The activity of some EIMs runs in parallel to the activity of intestinal inflammation, such as episcleritis, peripheral arthritis, erythema nodosum and aphthous ulcers; however, the activity of others such as uveitis, primary sclerosing cholangitis (PSC), pyoderma gangrenosum and spondyloarthropathy, is independent of intestinal disease activity. 1, [3] [4] [5] About 25% of patients with IBD suffer from more than one EIM. 6, 7 Importantly, EIMs may sometimes even occur before the onset of intestinal disease and diagnosis of IBD. 8 The pathogenesis of IBD-related EIMs to date is only poorly understood; however, a current hypothesis suggests that shared epitopes between the inflamed intestinal mucosa and extraintestinal tissue significantly contribute to the occurrence of EIMs. 9 Further, genetic factors might critically contribute to the onset of EIMs because EIMs are associated with genetic risk variants. Particularly, the onset of ocular EIMs is associated with variations in the gene loci encoding HLA-B27 and HLA-B58. 10 Further evidence for a genetic background comes from case-control studies and epidemiologic investigations. 7, 11, 12 After manifestations in joints and skin, the eye is the third major organ affected by immune-mediated EIMs. 1 About 4-10% of patients with IBD suffer from ocular EIMs, with the majority having concomitant Crohn's disease (CD). 13, 14 Episcleritis is the most frequent ocular manifestation of IBD, affecting 2-5% of patients with IBD. It is characterized by an increased activity in parallel with increased intestinal inflammation. 15 In contrast, uveitis is independent from intestinal disease and is present in up to 3% of patients with IBD. It frequently precedes IBD diagnosis and is associated mainly with peripheral arthritis and is more common in women than men. 16 A much rarer condition is scleritis, which is not related to intestinal disease activity and may either precede IBD diagnosis or occur thereafter. 15 Other rare ocular manifestations in patients with IBD are keratinopathy and retinopathy/chorioretinopathy. 17 From a clinical point of view, it would be essential to know which patient characteristics predict the onset of ocular manifestations, such as uveitis, in patients with IBD to stratify patients with IBD according to their risk of developing uveitis manifestations, increase vigilance for an early detection and to initiate appropriate treatment. The Swiss Inflammatory Bowel Disease Cohort Study (SIBDCS) featuring a large patient collective with long-term prospective follow up provides an ideal basis for the analysis of risk factors for the development of uveitis.
Patients and methods

Patient data
Demographic and clinical data were obtained from the database of the nationwide SIBDCS.
The SIBDCS represents a Swiss-wide multicenter prospective observational populationbased study and includes patients with IBD from all over Switzerland. The SIBDCS was initiated in the Canton of Vaud and subsequently extended to all of Switzerland in 2006 in a joint, multidisciplinary effort by gastroenterologists, pathologists, psychologists and bioinformatics specialists. The SIBDCS has been continuously funded by the Swiss National Science Foundation since 2006. To be eligible for participation in the SIBDCS, patients need to be diagnosed with IBD at least 4 months before actual inclusion in the cohort. Repetitively applying a standardized questionnaire, patient data are collected once a year and entered into a central database. Exact inclusion and exclusion criteria and further details on the SIBDCS are described elsewhere. 18 In this study on uveitis in IBD, a total number of 3266 patients in the SIBDCS followed from 2006 to March 2018 were included in our analysis. Of those, 1840 suffered from CD and 1426 from UC or IBD unclassified (IBDU; UC and IBDU were considered as one study group).
Study design
All patients from the SIBDCS (adult and pediatric) suffering from either CD, UC or IBDU were included into our study. Regarding ocular EIMs, only uveitis and iritis were specifically inquired with a distinctive tick box to cross in the physicians' SIBDC enrollment and annual follow-up questionnaires. The tick box was named: uveitis/ iritis. There were no other questions regarding eye manifestations in the questionnaire. Therefore, in the retrospective setting, we cannot distinguish between uveitis and iritis. In addition, the SIBDCS questionnaire did not ask for other ocular EIMs. The physician's questionnaire was filled out by the treating gastroenterologist. Patients were divided into two groups: one group with uveitis or iritis at the time of inclusion into the cohort or during follow up, and another group without uveitis or iritis manifestations at any time of their disease course. The uveitis manifestations were diagnosed by the physicians involved in the care of the patient; however, from our database, the exact number of patients that were finally diagnosed by an ophthalmologist was not available. Disease activity indices were normalized to a value between 0 and 100 and expressed as an activity index. IBD medication was specified by the treating physician in the standardized SIBDC questionnaires at patient inclusion and annual follow-up visits.
Statistical analysis
All statistical analyses were carried out using Stata Software (v.14.2, StataCorp, College Station, TX, USA) and R software (v.3.3.1, The R Foundation for Statistical Computing, Vienna, Austria). QQ-plots were used to assess distribution of continuous data. Gaussian-distributed data were reported as the mean, standard deviation and range, while non-Gaussian data were presented as the median, interquartile range and range. Differences in means between the two independent groups were assessed using the Student's t test. Differences of non-Gaussian data were assessed using the Mann-Whitney-Wilcoxon rank sum test. Categorical data were presented as raw frequencies and relative percentages. Differences in distributions for categorical data between two or more groups were assessed using the Chi-square test, or Fisher's exact test in the case of insufficient sample size, respectively. Time-to-event data were analysed using the Kaplan-Meier estimator, using specific techniques to deal with interval-censored data. Results were presented as cumulative proportion curves. Multivariate logistic regression was used to assess the association of multiple factors with the occurrence of uveitis. At first, all factors with univariate p value <0.200 were included into the multivariate model. Nonsignificant factors (p > 0.05) were then excluded from the model one by one, until all remaining factors were significant. In a last step, all factors that were left aside were once more inserted one by one into the model and kept, if proven significant, while checking for model consistency at each step of the procedure.
Ethical considerations
The SIBDCS was approved by the respective ethical committees in Switzerland (Ethics Committee of the Canton Zürich: EK-1316). All patients signed an informed consent for data collection and analysis for research purposes. The current substudy has been evaluated and approved by the scientific board of SIBDCS. 
Results
Epidemiology of uveitis in patients in the SIBDCS
Disease characteristics and uveitis manifestations in patients with CD
A total of 124 (60.5%) patients with CD with uveitis were female and 81 (39.5%; p = 0.013) were male. Patients with CD without uveitis did not show any significant sex difference (51.3% female versus 48.7% male). Though the age at CD diagnosis did not significantly differ between patients with or without uveitis, the disease duration was clearly different with a median disease duration of 16 versus 12 years in patients with CD with versus without at the time of onset of uveitis EIMs (p < 0.001).
More patients without uveitis were initially diagnosed with disease located in the terminal ileum, whereas about one fifth of patients with uveitis manifestations presented with unknown/unclear disease localization at diagnosis. In contrast, no differences were observed regarding disease localization at the latest follow-up visit. Disease severity was significantly higher in patients with uveitis at enrollment as well as at the latest follow-up visit. Interestingly, patients with CD with uveitis had a higher rate of positive family history for IBD (18.0% versus 12.8%; p < 0.001; Table 1 ).
Complications and medical treatment in patients with CD and uveitis
Details of complications and medical treatment in patients with CD and uveitis are in Table 2 . Of note, patients with CD with uveitis manifestations suffered more often from abscesses than patients without uveitis manifestations (30.2% versus 23.9%, p = 0.047); however, we detected no difference in the occurrence of perianal fistulas, any fistulas, other fistulas or stenosis between both groups. Also, there was no difference with respect to the number of CD-related surgeries. Nevertheless, patients with uveitis suffered more often from anemia and vitamin B12 deficiency and consequently more often received vitamin B12 substitution therapy when compared with patients without uveitis manifestations. We detected several important differences in the treatment history of the patients. Patients affected by uveitis received 5-ASA, corticosteroids, immunomodulators and anti-TNF antibodies significantly more often. In addition, patients with uveitis also suffered considerably more often from other EIMs: the risk of suffering from a concomitant EIM throughout all individual EIMs in patients with uveitis was increased approximately threefold.
A higher CDAI at the latest follow-up visit, immunomodulatory treatment and the presence of other EIMs (the latter with an OR of 4.692; 2.745-8.019, p < 0.001) were shown to be independent risk factors for the onset of uveitis in patients with CD in the multivariate logistic regression analysis (Table 3) . 
Disease characteristics and uveitis in patients with UC/IBDU
Complications and medical treatment in patients with UC/IBDU and uveitis
Similar to CD, patients with UC and uveitis also suffered significantly more often from at least one other EIM with again an approximately threefold increased risk (2-7.5-fold depending on the respective EIM; Table 5 ). Of note, PSC was the only exception. More than 90% of patients with uveitis received corticosteroids (compared with 78.5% without uveitis, p = 0.006) and also had antibiotics and calcineurin inhibitors more frequently during the disease course. No difference between both groups was detected for the use of anti-TNF antibodies, immunomodulators or 5-ASA. While patients with UC and uveitis received vitamin B12 substitution more often, there was no difference detected for IBD-related surgery, anemia or vitamin B12 deficiency.
The age at diagnosis, vitamin B12 supplementation, need for calcineurin inhibitors (OR: 2.285 [1.128-4.628] , p = 0.022) as well as the presence of other EIMs (OR: 2.858 [1.538-5.309 ], p = 0.001) were independent risk factors for the onset of uveitis in patients with UC in the multivariate logistic regression analysis (Table 6 ).
Longitudinal data on the onset of uveitis in patients with CD and UC/IBDU
In a small subset of 23 patients of the SIBDCS, data were available to investigate the sequence of uveitis versus non-uveitis longitudinally in the disease history. In the majority of patients, uveitis was reported as the first EIM (72.2% and 100% in patients with CD and UC/IBDU, respectively). Interestingly, while uveitis was reported before the initial diagnosis in the majority of patients with CD with this EIM (61.1%), uveitis was in contrast, reported after the onset of colitis in most patients with UC/IBDU (80% of patients with uveitis; Table 7 ). Interestingly, 11 patients with CD and 1 patient with UC/IBDU reported an eye EIM occurrence (uveitis/iritis) even before IBD Table 7 ). The cumulative proportion of uveitis in CD as well as in patients with UC/ IBDU was constantly progressing, and particularly in patients with CD it increased about 6% every 10 years of disease duration (Figure 1 ). Of note, in our database, for 201 of the 285 patients with uveitis (70.5%), this EIM is mentioned in only one questionnaire, but not in the follow-up questionnaire. This suggests that the uveitis had gone between completing the two questionnaires (that were routinely answered every 12 months) and did not reoccur. 
Discussion
We report on the clinical associations of IBD with uveitis manifestations in the SIBDCS, a large and well-defined cohort of about 3300 patients. Current knowledge about the clinical course as well as the associations of uveitis is limited and findings in the literature are controversial. As a key finding, we detected that the presence of other EIMs is the strongest independent risk factor for the onset of uveitis in both patients with CD and UC. In addition, the use of immunomodulators in patients with CD and calcineurin inhibitors in patients with UC are independently associated with the presence of uveitis.
Ocular manifestations represent the third most common EIM in patients with IBD and the frequency of any ocular EIM ranges between 0.3% up to 13.0% in patients with IBD. 19, 20 The frequency of ocular EIMs of 5.6% in patients with UC and 11.1% in patients with CD in our study is in line with these data, so is the more frequent occurrence in patients with CD as opposed to patients with UC. 10, 21, 22 Comparable findings were obtained also in the pediatric IBD population in a large systematic review and meta-analysis including 7467 pediatric patients. 23 In the literature, ocular manifestations are generally more frequent in female patients in both, CD and UC; 2, 10, 24 however, in our large patient collective, we found somewhat in contrast, a female preponderance of ocular uveitis EIMs only in patients with CD but not in patients with UC. Overall, in our cohort we detected a substantially higher frequency of ocular EIMs compared with the reported occurrence in the literature, particularly for instance to Bernstein and colleagues. 2 The most striking finding in our cohort is that the presence of uveitis was clearly associated with the onset of other EIMs, mainly arthritis and erythema nodosum. In addition, the presence of uveitis correlated with markers of a severe disease course, particularly the use of immunomodulators or calcineurin inhibitors, suggesting that the occurrence of uveitis per se may be considered a marker of a more severe disease course. This is supported by our finding of a significantly higher CDAI in patients with CD and uveitis than their counterparts without uveitis. An association of ocular EIMs with the onset of arthritis and erythema nodosum was also demonstrated in a recent study of approximately 3450 patients in the United States with IBD. 25 In this study, the gene locus encoding RBM19 was also significantly associated with the onset of ocular EIMs. This might indicate a pathophysiological link between the underlying mechanisms for the occurrence of ocular manifestations and thus, a potential predictive biomarker. 25 Surprisingly, even though smoking is associated with a severe disease course in CD, we did not find any correlation between smoking and the onset of uveitis in our patient collective, confirming findings of a smaller study by Isene and colleagues from 2015. 26 However, in contrast with the data from Isene and colleagues, we found a significant positive correlation between a family history of IBD and the onset of ocular manifestations in patients with CD. 26 Form a clinical perspective, it is important to know the actual type of ocular manifestation that a patient with IBD is suffering from. Since there are sometimes severe courses of ocular inflammation, an appropriate treatment requiring systemic corticosteroids or immunosuppressive medications/biologicals is often necessary. Anterior uveitis and uveitis with an uncomplicated course can be treated with topical corticosteroids. However, severe cases of uveitis or scleritis might need treatment with systemic corticosteroids or, to reduce corticosteroids in the long-term, other immunosuppressive medication or biologics. However, such treatment should always include the opinion of an ophthalmologist before it is initiated. In contrast, episcleritis is often self-limiting or responds to topical approaches. 19 Our study has several strengths, but also limitations. The very large patient collective of the SIBDCS with a highly standardized longitudinal follow up is a strength. In fact, our study is one of the biggest studies to date associating ocular manifestations with disease characteristics in IBD. Nevertheless, our study has also some limitations. First, the questionnaires routinely only asked for uveitis/iritis by a check box. Other ocular EIMs could be entered in a free-text field; however, this might have led to an underrepresentation. In fact, we could only detect 29 patients with eye manifestations other than uveitis (data not shown). Second, although the vast majority of patients with ocular EIMs are seeing expert ophthalmologists, we cannot rule out that some diagnoses of uveitis were made by nonopthalmologists with consecutive risk of over-or underdiagnosis of uveitis and iritis, or even a different ophthalmologic diagnosis, respectively. Third, as uveitis and iritis were recorded simultaneously in the SIBDCS questionnaires, we were not able to distinguish between these two ophthalmologic entities. Fourth, since the questionnaire of our cohort did not specifically ask for the treatment of eye EIMs, we cannot discriminate whether a treatment was initiated because of the eye EIM or, more likely, because of the intestinal IBD symptoms.
Our data provide an overview about the clinical associations and implications of uveitis in patients with IBD. We demonstrate that uveitis occurs in about one tenth of our patients, and therefore recognition of ocular manifestations is of crucial relevance for daily clinical practice. Additionally, the identification of risk factors for uveitis in patients with IBD, which can precede the onset of intestinal inflammation, may help to improve diagnosis of IBD and also of the ocular involvement. Our data might contribute to an increased physician awareness for the presence of ocular EIMs in patients with IBD, possibly leading to earlier diagnosis, prompt tailored therapeutic measures and finally improved care of patients with IBD.
